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. d“?e fewer side-effects than methylthiouracil although its
;- %Uon was slower. Its use has tended to increase éspecially
, lnce evidence that it is less toxic was produced by Greene
Bod Morgan (1956) and by Burrell et al. (1956). It is
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thiouracil and the other potassium perchlorate. The anti-
thyroid activity of both drugs was assessed by the time
raken for the index to fall within the range 0 to 5. Estima-
dons of the basal metabolic-rate confirmed that at this
level patients were euthyroid. The time taken to reach the
euthyroid’ state was independent of the initial severity of
the disease. In 33 of 40 patients the rate of therapeutic
response bore a linear relationship to time. Methyl-
thiouracil in doses of 600 mg. a day for three weeks fol-
lowed by doses of 300 mg. a day was shown to be a more
effective antithyroid drug than potassium perchlorate in
doses of 600 mg. a day. A ‘‘ cross-over ” test carried out
on 14 patients, who had relapsed after a first course of
treatment, confirmed this conclusion.
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AT some time during the course of their disease the
majority of patients with thyrotoxicosis receive an anti-
thyroid drug. Itis probable that these substances provide
the most satisfactory form of trearment for most young
patients and the speed and certainty of their action often
make their immediate administration necessary even when
ithas been decided subsequently to use an alternative form
of treatment. It is obviously of importance to know which
15 the most effective and the safest member of the group.
The ideal antithyroid drug should be rapid in its action
and’ should produce no adverse .side-effects. In this
country the two most commonly used drugs are methyl-
louracil and carbimazole. In other countries propyl-
thiouracil and methimazole are popular. All, however,
occasionally produce toxic effects, of which agranulo-
Otosis is the most serious since it may prove fatal. The

: Wost commeon adverse reaction is the drug rash, but
_Bausea, drug fever, aplastic anzmia, thrombocytopenia,

- “onjunctivitis, and lymph-glarid enlargement have all been
- Teported,

g Methylthiouracil was first introduced in 1944 and was
“or long the standard antithyroid substance in use in this
“Wuntry, Carbimazole received favourable reports in

953 from Doniach and from Poate. It was said to pro-

o be ten times as active as methylthiouracil and is
w4y given in one-tenth of the dose. The British
acopeeia recommends that the controlling dose of

methylthiouracil should be from 0-2 to 0-6 g. daily and
of carbimazole from 30 to 60 mg. daily.

Potassium perchiorate is a rival and more recent anti-
thyroid drug with a different type of action. Unlike the
thiouracils and imidazoles which prevent the iodination
of tyrosine, it acts by inhibiting the iodide-trapping -
mechanism of the thyroid gland. As a simple inorganic . _
compound it would seem a’ priori to be less likely to
produce sensitisation effects than the organic antithyroid
substances, and in particular to be less likely to damage
the hzmopoietic system. It was first shown to be a
suitable substance for clinical use by Godley and Stanbury
(1954). This was confirmed in a much larger series of
cases by Morgans and Trotter (1954) who found that the

rate of response producsd by 400 mg, daily was jess tha
that prodaced 5y metiyyithiouracil in a dose of 200 mg. daily.

Shortly after their report was published we decided to
assess the relative merits of potassium perchlorate,
methylthiouracil, and carbimazole. We shall present our
conclusions based on a study of more than 450 patients.
It soon, however, became evident that while the com-
parative incidence of the side-effects of these substances
would be revealed by this investigation a comparison of
their relative efficacy presented a more difficult problem.
For this reason we devised .a clinical method of com-
paring antithyroid drugs based on the allocation of
points to those features of thyrotoxicosis which are
reversible by therapeutic measures. This enabled us to
derive a thex:apy index > which could be followed from
week to week and the time taken for it to reach and
remain at a value of 5 or lower could be used as a measure
of the effectiveness of the form of trearmenr. We have
already recorded in iiiuswamon of our method a com-
parison of the effact of 600 mg. daily of potassium per-
chlorate with that of methylthiouracil in doses of 600 mg.
daily for two weeks followed by 300 mg. daily. Using
these dosage schemes methylthiouracil was more effective
(Crooks et al. 1960). It seemed to us probable that this
result depended on the relative doses used and a further
series of cases has been studied using 1000 mg. of potas-
sium perchlorate daily. Since our clinical experience had
led us to doubt the statement that carbimazole is, weight
for weight, ten times as active as methylthiouracil we also
compared these two substances.

Potassium perchlorate proved to be both effective and -
relatively free from side-effects and we now use it
routinely. We have, therefore, studied more closely some
of its alleged disadvantages notably the tendency for it
activity to be affected by variations in: the dierary inrake
of indint aad its Lability when used before operation to
produce an unduiy vascular gland. We also report the
results of its use in pregnant patients with thyrotoxicosis.

Material and Methods

We have studied two further groups of 20 cases in
addition to the two already reported (Crooks et al. 1960).

All the patients had diffuse goitres and exophthalmos and
thus were examples of classical Graves’s disease. To one
group carbimazole was given in doses of 20 mg. three times a
day for two weeks followed by 10 mg. three times a day (i.e.,
one-tenth of the dose of methylthiouracil which was used in
our previous series). Potassium perchlorate was given © the
other group in a dose of 200 mg. 5 times a day. The dictary -
intake of iodide was not restricted. .

The method of comparison was that used in the earlier
series except that estimations of basal metabolic-rate (B.M.R.)
were made only at the end of the investigation to confiem that
the patients were cuthyroid.
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TABLE I—DISTRIBUTION OF PATIENTS IN SERIES 3 RECEIVING CARBIMA- Diet histories from 8 patients and urinary assays g ‘
ZOLE AND POTASSIUM PERCHLORATE (1000 MG. DAILY) SHOWING 20 parients revealed a great variation in the degear ™ —e———
TIME TAKEN TO EFFECT ** CURR” RN . . egree 1o g
which iodide restriction had been achieved. The therg
. H t i .
Time to effect Carbimazole Pot(alsosm gc:écahi}j;s)'ate pe.um: res.ponses' o potassmm. perchlora!:e of Patieny Toxic affect
“cure " (weeks) (no. of patients) tho. of patients) with relatively high and low intakes were statig; ;
P analysed and no difference was found. In ony latey ,
T 56 - ‘§ observations therefore we have urged no dietetic restri;, § %o of cases. . o
5 K H tions and have merely advised patients to avoid cerrgg Jnoshes
1-12 4 1 cough. medicines which contain iodide in relatively large ¥ fever o ;
s iviel v
%g—-%g 5 1 quantities, ) mbocytopenia, . y
1920 vy 1 Preoperative Use of Potassium Perchlorate
Total 20 ] 20 It is gencrally agrecd that antithyroid drugs should be ’ _
s “ » e - T & wask . . el to PN R
Mean tme to  cure 12:3 weeks ¢ 3 s used o prepure « Wiy otoaic paticnt for partial thyroidee, b‘"‘.’:.i’;ﬁtg: h:czg
sensitl

The study of the comparative toxic effects of these sub-
stances is based on observations made on 486 patients seen
and rreared by us in our wards or clinic. After reference 1o
their general practitioner they continued to attend hospital
from time to time so that the occurrence of toxic effects could
be accurately recorded.

) Results
*¢ Therapy Indices

The times taken to effect * cure ” for both drugs are
shown in table 1. The mean time to “ cure” of the 20
patients on carbimazole was 12-3 weeks and the corre-
sponding figure for potassium perchlorate was 9-4 weeks.

Table 11 gives the mean times to *‘ cure ”’ of the groups
treated with methylthiouracil, carbimazole, and potassium
perchlorate in doses of both 600 mg. and 1000 mg. daily.

For the purpose of statistical analysis the drugs have been
represented by the letters A, B, C, and D as shown in the
table. An analysis of variance on the 80 patients studied shows
that there are significant differences between tne mean valuss
for A, B, C, and D. In particular A is significantly different
from B and C (Pp<0-05); D is significantly different from B
" and C (# < 0-05); and there was no significant difference between

A and D. A further analysis of variance was carried out on the
60 patients remaining after the exclusion of those who had
been given methylthiouracil. It was found that there was a
significant difference between B and D (F <0-05); a significant
difference between C and D (p <0-05); and no significant
difference between B and C,

TABLE IT—MEAN TIMES TO EFFECT “ CURE " FOR METHYLTHIOURACIL,
POTASSIUM PERCHLORATE, AND CARBIMAZONE

Time to effect

Drug * cure 7 (weeks}
. A Methylthiouracil .. e e 91
B Potassium perchlorate (600 mg. aily) . 131
C  Carbimazole .. .. [ 123
D Porassium perchicrate (1000 mg daity} 94

These results can be summarised as follows: methyl-
thiouracil in doses of 600 mg. daily for 2 weeks followed
by 300 mg. daily and potassium perchlorate (1000 mg.
daily) were equally effective ‘as measured by the time

taken to effect “ cure ”’, while both were more effective .

than carbimazole in one-tenth of the dose of methyl-
thiouracil or potassium perchiorate (600 mg. daily).

Effect of Variations in the Intake of Iodine on Potassium
Perchlorate Therapy .

Potassium perchlorate affects the iodide-trapping
mechanism of the thyroid and it is known that the goitro-
genic action of substances with this action can be overcome
if sufficient iodide i3 given (Franklin et al. 1944). In our
earlier series we advised patients given potassium per-
chlorate 600 mg. daily, to restrici their icdine intake by
excluding fish from the diet, by using unicdised sale, and
by avoiding medicines.

“tomy. The usual method is to bring the disease undes
control with one of the organic antithyroid drugs and theq
to give iodide for 10-14 days before operation. it i3 sajg
that this renders the gland less vascular and diminishes
the likelihood of postoperative thyroid crises,

Godley and Stanbury (1954} prepared 13 patients for opers.
tion with potassium perchlorate and stated that the consensus
of opinion of the operating surgeons was that a few of the
glands were more vascular than those of patients prepared
with propylthiouracil and iodine. 2 patients who before
operation received iodide in addition to perchlorate escaped
from conwrol. For this reason Morgans and Troter (1959
did not use perchlorate in those patients who were likelyw
require partial thyroidectomy.

We have prepared 20 patients for operation with
potassium perchlorate alone. 18 of these patients had
small nodular giands and the surgeon did not find more
technical difficulty due to increased vascularity of the
giand than after conventional preparation.

Opimons as w the dogree of vascularity must of neces-
sity be highly subjective. It may well be that contradictory
views on the effects of the antithyroid drugs on vascularity
are due to variation in the selection of cases and to the
lack of an investigation designed so as to eliminate th
effects both of biological variation and of bias on the pert
of the surgeon. The blocking effect of potassium per
chiorate on thyroid hormone synthesis continues for soox
time after the drug has been withdrawn and administie
- tion can cease at the time of operation.

Useof Potassium Perchlorate During Pregnancy )

Opinion is almost unanimous that the most appropes¥
form of therapy for women who develop thyrotoxico®
during pregnancy is the administration of an antithy? o
drug. Goitre and hypothyroidism have been reported @°

" the infaats of mothers who have received these substan®®
- but it is rare, and when it occurs the dosage has 3!@;

always been unduly high (Macgregor and Goodwig 195:
We have treated 12 pregnant thyrotoxic patient ,
potassium perchlorate and in each have achieved .
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abnormality of any kind. We report these results © & ve osage
that the different mode of action of potassium perC v r:zi:::’i‘;“f

and its special physical properties do not render it
liable to affect the feetal thyroid than the aobd
substances in more common use.
Toxic Effects of Antithyroid Drugs .
We have treated 486 patients with eithet P
thiouracil, carbimazole, or potassium perchlor
sufficiently long to be able to assess their relati?e
to give rise ro toxic side effects. Table III-
results. No statistically significant difference
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TABLE III—TOXIC EFFECTS

. -Moreover, any clinician tends to be overimprassed by ar

Mct.hyll; i Potassium perchlorate
thiouracil Ca(réb xrg!agz.ole
Toxic effect da(gogmi; daily 2 wks., | 600 mg.* | 1500 mg.t
the:y30f}vm§ then 30 mg. or or
daily) . daily) 1000 mg. { 2000 mg.
No. of cases. . 151 85 200 50
S rashes .. 5 ! 1 5
Nausea . .. 1 3 2
Drug fever ... 2 .. o ..
Agranulocytosis 2 2 .. i
* Thrombocytopenia. . | 1 . .. S
* 35 padients. 1 10 patients.

between the liability of the organic substances to produce
sensitisation reactions such as skin rashes or bloo

dyscrasias. Potassivm perchlorate, on the cther hand, in
doses of 1000 mg. a day or under was less likely than the
organic antithyroid compounds to produce adverse effects
of this type. Higher doses of potassium perchlorate pro-
duced reactions as frequently as the organic compounds.

The rashes produced by’ potassium perchlorate were
maculopapular and were confined to the extremities except in
| patient in whom the rash was generalised. This patient had
an associated pyrexia and marked desquamation followed the
disappearance of the eruption. In 3 of the 6 cases the rash
drug was
continued.

The patient with agranulocytosis was a young woman
receiving 1500 mg. of potassium perchlorate a day. During the
third week of treatment she developed a sore throat, pyrexia,
and generalised muscular pain. Blood examination showed a
wtal polymorphonuclear leucocyte count of 750 per c.mm. The
peripheral blood was otherwise normal and the bone-marrow
showed no evidence of a maruration defect of the white-cell
series. Administration of the drug was stopped and the
leucocyte count rose rapidly to normal levels. - The patient
had received no other drugs which might have caused leuco-
penia,

The rashes produced by the organic antithyroid compounds
were all maculopapular. This is a type of eruption which is
well known to occur in those who become sensitised to this
wties of compounds. Urticaria which has also been reported
was not observed in this series.

4 patients complained of nausea while taking potassium
perchlorate. 3 of them were able to continue taking the drug
vhen an antacid- mixture was given along with it and the
Wusea disappeared within a week. The fourth refused further
Utatment. ‘

Discussion

) T_he “ therapy index ** has been used to assess the rate
Improvement in four different groups of partients
Wfering from classical Graves’ disease. Oue group
Reeived carbimazoie, one methylthiouracil, and the other
Youps potassium perchlorate in two different doses.
A these investigations we are able to draw two
Muclusions.  First, carbimazole is less effective than
Methylthiouracil when given in one-tenth of the dose.
ndly, potassium perchlorate is more effective in high
| 0 in low dosage. -

o ¢ very extensive literature on the antithyroid drugs

\¢ more
-ties do not render .‘:hm id
yroid than the ant
se.

rugs
ients
pot: erc
sses.  .rrelauve tc:s c
scts. Table 11t shO f““
jcant difference Was

. perchlorate

with Cither mC[N‘-:'.
denslid

y reviewed by McGavack (1951), Werner (1955),
¥ Crooks (1957), and it is clear that the four drugs
Nost widely used at present are methylthiouracil, propyl-
:"Nracil, methimazole, and carbimazole. All are effec-

tand relarively safe. The particular substance used by
given physician seems to be determined by two

8. In the first place it is clear that the country of
L is important since methylthiouracil and carbimazole
B¢ both first synthesised and marketed in Europe
3 propylthiouracil and methimazole were originaily

American products. The second factor of importance i
the relative’ conservatism of the individual clinician
Most physicians see no reason to try a new remedy if th
existing one is satisfactory although some are impressec
by new substances even if their advanrages are marginal

example of a patient under his care who shows a serious
side-effect even though the statistical hazards of this
occurrence can be shown to be small. Against this back-
ground of national and individual prejudice there is
almost no statement which has not been made about the
relative effectiveness, speed of action, and toxicity of
these drugs, ’

We have found no published observations on the
relative dosage of antithyroid drugs which cannot be
explained on the view that the response of a patient to
an antithyroid drug is a function of the dose. At a certain
critical level a dose is reached at which synthesis of the
thyroid hormone is completely blocked. Inspection of
curves showing the effect of different doses of merthyl-
thiouracil on the uptake of radicactive iodine by the
gland, as reported, for example, by Goodwin et al. (1949),
illustrate this phenomenon.

The first problem in dealing with the dosé of an anti-
thyroid drug is to discover the least dose which in the
majority of patients will effectively block secretion of the
thyroid hormone during each 24 hours. This is probably
of the order of 450 mg. for methylthiouracil, 60 mg. for
carbimazole, and 1000 mg. for potassium perchlorate.
The question then arises of the relative liability of these
drugs i proauce toxic side-effects. In spite of their
importance’ we know relatively little about sensitisation
reactions to drugs. It is not possible, for example, to say
with certainty whether they are dependent on dose. With
some drugs (e.g., amidopyrine) a single dose may produce
a reaction in a sensitised patient. With others, such as
chloramphenicol or the sulphonamides, there seems to be
a tendency for reactions to be related to total dosage.
In the case of the antithyroid substances the balance of
evidence seems to 'suggest that they belong to the latter
type (Lehr 1948). Certainly our own results show that
potassium perchlorate produces more reactions in high
than in low dosage. It seems therefore to us that itis
unjustifiable to group together series of cases collected
from the literature without allowing for this factor of
dosage and without applying statistical tests of significance
to aii ine resuits reported, The two published comparisons
of curbimazole and methylthiouracil (Burrell et al. 1956,
Greene and Morgan 1956) are thus rendered inconclusive.

Our tentative conclusions are these. There is no
convincing evidence that any of the organic antithyroid
drugs is significantly more toxic than any other when it is
given in therapeutically equivalent dosage. Our experi-
ence suggests that potassium perchlorate is less liable
to give rise to skin rashes or blood dyscrasias in doses
which act as quickly as the conventional therapeutic doses
of methylthiouracil and carbimazole. .

Potassium perchlorate thus appears to us to be the
antithyroid drug of choice. A few observers other than
Godley and Stanbury (1954) and Morgans and Trotter
(1954) have used it and found it satisfactory. Thus
Kleinsorg and Kriiskemper (1957) treated 47 cases with
doses of 1-6 to 20 g. a day; 2 patients developed a rash.
Buttarn and Brunori (1955) reported 25 patients success-
fully treated with doses of 600 mg. a day and 1 developed
a skin rash, Observations in our series showed that it is
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_unnecessary to restrict the dietetic intake of iodine during

the administration of potassium pechlomatc. In our
experience this drug can be satisfactorily used for pre-
operative preparation when the gland is small and
nodular. Whether or not it can be used in this way when
the gland is large requires further investigation.
Sensitisation to potassium perchlorate can occur. The
usual manifestation is a rash which usually subsides
quickly even if administration is continued. It is much
more likely to develop when the dosage is high. Our
single case of agranulocyrosis occurred in a patient
receiving large doses of the drug but if the use of potas-

.sium perchlorate increases we should not be surprised

to learn thar this serious condition may be associated with
lower doses or that the bone-marrow may be affected in
other ways. The balance of present evidence, however, is
in favour of its very low toxicity., It has the additiomal
merit of being very cheap and It is of some intersst that
the only proprietary preparation of potassium perchiorate
was for many years in category 5 of the List of Proprietary
Medicines Classified by the Joint Committee on Pre-
scribing which is published jointly by the Ministry of
Health and the Department of Health for Scotland.

Summary

A clinical method of assessing the rate of improvement
of groups of patients suffering from thyroroxicosis has
been applied to four series of cases receiving respectively
methylthiouracil, carbimazole, and potassium perchlorate
in two different doses, Carbimazole was less effective
than methylthiouracil when given in one-tenth of the,
dose. Potassium perchlorate in high dosage was as effective
as methylthiouracil and more effective than carbimazole
and smaller doses of perchiorate.

Four larger series of patients recetving these drugs
were studied to ascertain the incidence of toxic side-
effects. Potassium perchlorate in a daily dose of 600-1000
mg. produced fewer side-effects than when it was given
in daily doses of 1-5-2-0 g. The lower dosage range also
gave rise to fewer side-effects than either methylthiouracil
or carbimazole in therapeutically equivalent doses. No
statistical difference in the incidence of sensitisation
reactions was found between the latter two substances.

Potassium perchlorate in high doses is liable to produce
skin rashes, and in 1 of our cases agranulocytosis
developed.

It is not necessary to restrict the dietary intake 'of iodine
during perchlorate administration. It can be used to
prepare patients for thyroidectomy when the gland is
small and nodular and can also be used during pregnancy.
Potassium perchiorate, 1000 mg. daily in divided doses,
is the anrithyroid drug of choice 1z the medica! resunent
of thyrotoxicosis.

We wish to thank Dr.’R. A. Robb, Mitchell lecturer in statistics,
University of Glasgow, for help with the statistical aspects of this
work, and Mr. D. H. Clark, r.8.c.s., who carried out the thyroidsc-
tomies to which we refer. ’
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_THE INCREASE IN DIFFUSING
CF THE LUNCGS ON EXERCISE
AN EXPERIMENTAL AND CLINICAL STUDY
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WHEN oxygen is taken up from the alveoli of the lungy
it has to penetrate the mechanical barrier of the tisyya
elements and fiuids sepaiaiing it &= the melecules of
hemoglobin 1n the rad ccily; the Drocess is one of simple
physical diffusion. Methods of ineasuring the permea.
bility of this barrier to gases have been elaborated which
permit an estimate of the so-called diffusing capacity of
the lungs. The simplest of these uses carbon monoxide
as the test gas, and measures its rate of absorption in the
steady state (Bates, Boucot, and Dormer 1955). The
measured rate of uptake of this ‘gas in low concentration
in an inspired gas mixture is divided by its mean alveolar
concentration during the test (expressed as panial
pressure} to give a result in mi. per min. per mm. Hg,
On physical principles, it may be assumed that the
diffusing capacity thus measured is proportional to: the
area of the diffusing surface and varies inversely with its
thickness. Normal results vary between 15 and 25 ml.
per min. per mm. Hg at rest and from 25 to 40 ml. during
exercise. Experience in the past few years in many centres
has shown how valuable measurements of diffusing capa-
ciry are clinically; morsover, msny {acts of physiological
interest and importance have been revealed by them
Among the latter is the observation, repeatedly confirmed,
that the diffusing capacity is greatly increased during °
exercise. The object of this communication is to report
some investigations which throw light on the way in which
this change is brought about.

Investigations and Conclusions

In an experimental assessment of the stcady-stat¢
method of measuring pulmonary diffusing capacity using
carbon monoxide (MacNamara, Prime, and Sinclair 1?5‘3
we drew artention to the fact that the results obtained
were significantly dependent on thé minuge-volume of
respiration during the test. This finding made us “fandcf‘
whether the apparent increase in diffusing capacity @
exercise was due entirely 1o the effects of hypervent'xlauon-
We therefore measursd the diffusing capacity in fodf
healthy subjects at rest during voluntary hyperventilaioa
at various rates. We found that the diffusing capacd:
rose steadily with increasing ventilation, showing f:,
definite tendency to a maximum value within the range
voluntary hyperventilation which it was possible
maintain for the tine required for the test.
results were cotpared with values of diffusing Gp*%
in the same subjects, measured at various rates _Of e °
by plotting both sets of values on a graph refating Sh‘m
pulmonary ventilation. Contrary to our expectation
found that the curves plotted from the exercise values ¢
not coincide with those for voluntary hypervedthr
but lay above them. A typical comparison in o€ suw,'
is shown in the figure. This discovery has since
_confirmed by results published by two groups wo!
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